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[Detailed Description of the Invention] Q 
[0001] ^ 
[Field of the Invention] This invention relates to the equipment used for the semi-conductor heat 
treatment approach and it. 
[0002] 

[Description of the Prior Art] When manufacturing a large-scale integrated circuit (LSI), a very large- 
scale integrated circuit (VLSI), etc., various heat treatment processes, such as oxidation, annealing, 
diffusion, and chemical vapor deposition (CVD), are required. As a thermal treatment equipment which 
performs these heat treatments, the thing of two types, a lamp heating mold and a hot wall mold, is 
known from the former. The above-mentioned lamp heating mold equipment is sheet processing, and 
while excelling in process control nature, it is inferior to productivity or temperature control nature. On 
the other hand, the above-mentioned hot wall mold equipment is batch processing, and while it has the 
advantage that excel in temperature control nature and several multi-sheet processing is possible, a 
problem is in process control nature. 
[0003] 

[Problem(s) to be Solved by the Invention] Moreover, with the above-mentioned hot wall mold 
equipment, in order to prevent oxidation on the front face of a wafer at the time of heat treatment, inert 
gas, such as nitrogen and an argon, is used as a controlled atmosphere. Or although using the above- 
mentioned inert gas as dilution gas in the case of passing the gas for processes (henceforth "process 
gas") is performed Since these gas has a heat-conduction property and the bad diffusion property, it 
required time amount for each wafer circumference becoming homogeneity temperature and 
homogeneity gas concentration, and the problem that productive efficiency falls substantially has 
produced it. Since the size of a wafer has diameter[ of macrostomia ]-ized from 6 inches to 8 inches and 
12 inches for the object of manufacturing-cost reduction with high integration of LSI especially in recent 
years, a temperature change is performed rapidly, without producing temperature nonuniformity to the 
perimeter of a wafer, and it has been an important technical problem to aim at homogeneity diffusion of 
process gas moreover. 

[0004] This invention was made in view of such a situation, and even if it performs a temperature 
change rapidly, it sets offer of the equipment used for the outstanding semi-conductor heat treatment 
approach and outstanding it which do not produce temperature nonuniformity and the concentration 
nonuniformity of gas in a wafer perimeter, and can heat-treat efficiently as the object. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned object, this invention is the heat 
treatment approach which heat-treats within a heat treating furnace for semi-conductor manufacture. 
While facing loading with a processed material into the above-mentioned heat treating furnace, and 
heating and supplying in a fumace the gas which makes helium a subject as a controlled atmosphere or 
gas for process gas dilution The heat treating fumace which exhausts and collects these from the inside 
of a fumace, makes the 1st summary the semi-conductor heat treatment approach with which refmes the 
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helium after recovery and reuse was presented, and heat-treats for semi-conductor manufacture, A 
helium supply means to supply helium in the above-mentioned heat treating fiimace, and an exhaust air 
means to exhaust gas from the inside of the above-mentioned heat treating furnace, Let the semi- 
conductor thermal treatment equipment equipped with the helium purification means which collects the 
gas by which exhaust air was carried out [ above-mentioned ], and carries out separation purification of 
the helium out of recovery gas, and a helium return means to return the helium by which purification 
was carried out [ above-mentioned ] to the above-mentioned helium supply means be the 2nd summary. 
[0006] In addition, in this invention, it uses with the meaning also containing the gas which consists of 
only helium with "the gas which makes helium a subject." 
[0007] Below, the gestalt of operation of this invention is explained. 
[0008] 

[Embodiment of the Invention] First, with heat treatment for the target semi-conductor [ this invention ] 
manufacture, VCE (vacuum chemistry epitaxy), the film production processing by CVD, oxidation 
treatment, annealing treatment, diffusion process, etc. are raised, and the thermal treatment equipment 
equipped with the heat treating furnace is used. 

[0009] And in this invention, the gas which makes helium a subject as a controlled atmosphere or gas 
for process gas dilution into a heat treating furnace at the time of the above-mentioned heat treatment is 
supplied. This is the 1st description. 

[0010] Although there is no inconvenience even if it is gas which added gas other than helium in helium 
even if the gas which makes the above-mentioned helium a subject was gas which consists of helium 
100%, it is the description of this invention to use helium excellent in thermal conductivity and 
diffusibility, and it is suitable also for the gas which carries out addition mixing to this to use the gas 
which was comparatively excellent in thermal conductivity and diffusibility, for example, hydrogen gas. 
By adding the above-mentioned hydrogen gas especially, at the time of helium recovery, the oxygen 
which exists as an impurity in recovery gas can be made to be able to react with the above-mentioned 
hydrogen, and can be removed as water, and it is suitable. And it excels also in the point that the above- 
mentioned hydrogen gas has thermal conductivity larger than helium. However, it is suitable for the 
hydrogen gas to add to set it as 0.5 - 7% of within the limits to the whole. It is because there is danger of 
explosion and there is a possibility that a reaction with the above-mentioned oxygen may become 
inadequate, at less than 0.5%, when hydrogen gas exceeds 7%, 

[001 1] Moreover, when using the gas which makes the above-mentioned helium a subject as gas for 
process gas dilution, as the above-mentioned process gas, nitriding nature gas, such as oxidizing gases, 
such as cleaning gas, such as doping gas, such as an arsine, a phosphine, and diboron hexahydride, and 3 
nitrogen fluoride, 4 fluoride carbon, or ozone, and oxygen, ammonia, and laughter gas, is raised. These 
gas may be used combining the case where it uses independently, and two sorts or more. 
[0012] While the helium used for this invention is excellent in thermal conductivity and diffusibility, it 
is dramatically expensive compared with the nitrogen and the argon which have been conventionally 
used as a controlled atmosphere etc. Then, it is made to exhaust firom a heat treating fumace, and 
collects, using the gas which makes the above-mentioned helium a subject for heat treatment, and he 
refines helium, and is trying to present reuse in this invention. This is the 2nd description. 
[0013] As an exhaust air means from the above-mentioned heat treating fumace, a proper pump is 
usually used, and what usually combined the reactor and the adsorption tower is used for purification of 
helium. Moreover, when the demand grade to the gas to reuse is severe, it is desirable by putting a low- 
temperature adsorption tower side by side with the adsorption tower of ordinary temperature to perform 
clearance and the nitrogen gas removal of the impurity of ultralow volume. In addition, although liquid 
nitrogen etc. is needed for the above-mentioned low-temperature adsorption tower as a heat sink, in a 
semi-conductor plant, the liquid nitrogen and nitrogen gas of a large quantity are always used, and it is 
easy to secure a heat sink. And the liquid nitrogen used as a heat sink can be effectively used by the 
semi-conductor plant as a part of usually used nitrogen gas after evaporation evaporation. 
[0014] Below, an example is explained. 
[0015] 
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[Example] Drawing 1 shows the equipment of one example of this invention. In drawing, 20 is a thermal 

treatment equipment which heat-treats, and as shown in drawing 2 , it is equipped with the heat treating 
fumace which consisted of the up furnace body 2 and the lower furnace body 3 which consist of heating 
elements, such as a kanthal line, and a quartz coil 4 formed in these insides. In addition, 1 is a heat 
insulator. The up gas installation tubing 5 and the lower gas installation tubing 6 are opened for free 
passage by the upper bed section and the soffit section of the above-mentioned quartz coil 4, 
respectively, and the gas exhaust pipe 7 is opened for free passage by the opposite hand of the above- 
mentioned lower gas installation tubing 6. And inside the above-mentioned quartz coil 4, the wafer 
electrode holder 9 which carried out accumulation maintenance of the wafer 8 at intervals of 
predetermined multistage is held free [ rise and fall ] with the wafer migration rod 10 (at the time of 
lifting, it comes to the location shown with the chain line P). Therefore, in this thermal treatment 
equipment 20, RTP (Rapid Thermal Processing) can be performed now by setting the up fumace body 2 
as an elevated temperature, setting the lower fumace body 3 as low temperature, and moving a wafer 8 
to a upside heating-at-high-temperature field from a lower low-temperature heating field at high speed. 
[0016] As shown in the gas exhaust pipe 7 of the above-mentioned thermal treatment equipment 20 at 
drawing 1 , an exhauster 21, the recovery tank 22, a compressor 23, a refiner 24, and the gas supply tank 
32 are connected, and the gas recovery line is formed. In addition, the gas supply piping 1 1 prolonged 
from the above-mentioned gas supply tank 32 branches, and it has become said up gas installation 
tubing 5 and the lower gas installation tubing 6. 

[0017] The helium bomb 34 (or bottle type holder) is connected to the above-mentioned gas supply tank 
32, and it fills up with helium in the above-mentioned gas supply tank 32. Moreover, the process gas 
supply equipment 36, such as the hydrogen gas distribution plant 35 and doping gas, and cleaning gas, is 
connected to the above-mentioned gas supply piping 11, and if needed, addition mixing of these gas can 
be carried out, and it can introduce now into helium in a thermal treatment equipment 20. In addition, 33 
is a gas presentation analyzer and the gas presentation in a service tank 32 can always check it now. 
[0018] Moreover, the refiner 24 consists of low-temperature adsorption towers 28 and 29 of an 
automatic change type as well as the adsorption towers 26 and 27 of an automatic change type 2 column 
2 column with the reactor 25. Adsorption treatment of the above-mentioned reactor 25 is made easy to 
carry out within the next adsorption tower 26 and 27 by making the impurity in recovery gas oxidize and 
considering as an oxide. Moreover, the above-mentioned adsorption towers 26 and 27 and the low- 
temperature adsorption towers 28 and 29 are filled up with adsorbents, such as a molecular sieve, and 
adsorption treatment of the impurity in the recovery gas which passed the reactor 25 is carried out. In 
addition, the liquid nitrogen with which the heat sink of the above-mentioned low-temperature 
adsorption towers 28 and 29 is introduced from the liquid nitrogen tank 30 is used. The above- 
mentioned liquid nitrogen is usually supplied to a semi-conductor production line as nitrogen gas with 
an evaporator 3 1 , and the liquid nitrogen which played a role of a heat sink is also supplied to a semi- 
conductor production line as nitrogen gas through a heat exchanger 13 from piping 12. 
[0019] Rapid annealing treatment was performed as follows using the above-mentioned equipment. That 
is, first, the up fumace body 2 was set as 1000 degrees C, and the lower fumace body 3 was set as 700 
degrees C. Moreover, when the aperture and the service tank 32 are filled up with helium and the above- 
mentioned heating preparation was completed in the helium bomb 34, while sending out helium to the 
thermal treatment equipment 20 from the service tank 32, hydrogen gas was sent out from the hydrogen 
gas distribution plant 34. And mixed gas of 5% of hydrogen gas was built, and it was filled up with this 
in the quartz coil 4, and was made to discharge from the gas exhaust pipe 7 helium 95% by mixing ring 
main within piping 11. After positioning first the wafer 8 held at the wafer electrode holder 9 to the 
lower low-temperature field of the quartz coil 4 and preheating it at 700 degrees C, it was made to move 
to a upside heating-at-high-temperature field in this condition, as the chain line P shows drawing 2 . The 
thermal conductivity of helium and hydrogen mixed gas was abbreviation 5x10-1 W-m -1-K-l, and 
since it excelled compared with conventional inert gas, the accumulated wafer 8 was heated by 
homogeneity from the periphery to the core, and finished annealing treatment in 3 minutes. The wafer 8 
was cooled quickly by moving a wafer 8 to a lower low-temperature heating field again, and next, 
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passing the gaseous helium of a large quantity. 

[0020] In the above-mentioned annealing treatment, after it accumulated the mixed gas containing the 
impurity discharged from the gas exhaust pipe 7 of a thermal treatment equipment 20 in the recovery 
tank 22 with the exhauster 21 and it carried out pressure up to G about 2kg/cm2 by the compressor 23, it 
was introduced into the refiner 24. With this refiner 24, in the reactor 25, the high-temperature-oxidation 
reaction was performed first, and after making the oxygen in recovery gas react with the hydrogen gas 
added beforehand and using it as water, it removed in either of the next adsorption towers 26 and 27. 
Moreover, after impurities, such as process gas with which it remains in gas, also oxidized by the above- 
mentioned reactor 25, similarly they were removed in either of the next adsorption towers 26 and 27. 
And in either of the low-temperature adsorption towers 28 and 29, the impurity and nitrogen gas which 
carry out an ultralow volume residual were removed. Thus, the refined recovery helium (93 - 99% of 
purity) was fed into the service tank 32, and reuse was presented with it. 
[0021] Thus, as a result of performing annealing treatment, in spite of having given the rapid 
temperature change in the thermal treatment equipment 20, the processed wafer (12 inches thing) did not 
produce the poor quality accompanying temperature nonuniformity or gas concentration nonuniformity, 
but any wafer was processed for high quality. And since processing speed ended for a short time 
compared with the conventional annealing treatment using inert gas, the throughput per unit time 
amount was able to be raised substantially. 

[0022] In addition, although it can set to this invention and not only the thing of the above-mentioned 
example but various kinds of things can be used for a thermal treatment equipment 20, since this 
invention is characterized by the ability to perform high-speed processing for high quality, it is suitable 
to use the thermal treatment equipment of the type equipped with the high-speed processing facility. 
[0023] Moreover, the adsorption towers 26 and 27 and the low-temperature adsorption towers 28 and 29 
of an automatic change type do not necessarily need to be used for a refiner 24 2 column like the above- 
mentioned example, and it is set up suitably. And when the demand to the purity of the helium supplied 
to a thermal treatment equipment 20 is not especially severe, it is not necessary to form the low- 
temperature adsorption towers 28 and 29. 

[0024] Furthermore, like the above-mentioned example, since one refiner 24 is formed to one set of a 
thermal treatment equipment 20, it cannot see, and one refiner 24 can also be shared to two or more 
thermal treatment equipments 20. In this case, the recovery gas exhausted from each thermal treatment 
equipment 20 is collectively stored in one set of the recovery tank 22, this is introduced into the above- 
mentioned refiner 24, and is processed, and it is made to present reuse. It is more economical if it does 
in this way. 
[0025] 

[Effect of the Invention] As mentioned above, in heat treatment for semi-conductor manufacture, this 
invention exhausts and collects these from the inside of a fiimace, refines the helium after recovery, and 
presents reuse with it while it supplies in a fiimace the gas which makes helium a subject as a controlled 
atmosphere or gas for process gas dilution. Therefore, since the gas which makes the above-mentioned 
helium a subject is excellent in thermal conductivity and diffiisibility according to this invention, even if 
the wafer to process is large-sized and it moreover gives rapidly the temperature change at the time of 
heat treatment, in a wafer perimeter, neither temperature nonuniformity nor gas concentration 
nonuniformity arises, and homogeneity processing can be performed in a short time. For this reason, 
processing effectiveness can be raised substantially. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The semi-conductor heat treatment approach characterized by being the heat treatment 
approach which heat-treats within a heat treating fiimace for semi-conductor manufacture, facing 
loading with a processed material into the above-mentioned heat treating furnace, and heating, 
exhausting and collecting these from the inside of a fiimace, refming the helium after recovery while 
supplying in a fumace the gas which makes helium a subject as a controlled atmosphere or gas for 
process gas dilution, and making it present reuse. 

[Claim 2] The semi-conductor heat treatment approach according to claim 1 of having used the mixed 
gas which added 0.5-7% of hydrogen gas to helium as gas which makes the above-mentioned helium a 
subject. 

[Claim 3] The semi-conductor heat treatment approach according to claim 1 or 2 using at least one 
doping gas chosen from the group which consists of an arsine, a phosphine, and diboron hexahydride as 
process gas diluted by the gas which makes the above-mentioned helium a subject. 
[Claim 4] The semi-conductor heat treatment approach according to claim 1 or 2 using one [ at least ] 
cleaning gas of 3 nitrogen fluoride and 4 fluoride carbon as process gas diluted by the gas which makes 
the above-mentioned helium a subject. 

[Claim 5] The semi-conductor heat treatment approach according to claim 1 or 2 using one [ at least ] 
oxidizing gas of ozone and oxygen as process gas diluted by the gas which makes the above-mentioned 
helium a subject. 

[Claim 6] The semi-conductor heat treatment approach according to claim 1 or 2 using one [ at least ] 
nitriding nature gas of ammonia and laughter gas as process gas diluted by the gas which makes the 
above-mentioned helium a subject. 

[Claim 7] The semi-conductor thermal treatment equipment carry out having had the heat treating 
fumace which heat-treats for semi-conductor manufacture, a helium supply means supply helium in the 
above-mentioned heat treating fumace, an exhaust-air means exhaust gas from the inside of the above- 
mentioned heat treating fumace, a helium purification means collect the gas by which exhaust air was 
carried out [ above-mentioned ], and carry out separation purification in helium out of recovery gas, and 
a helium return means return the helium by which purification was carried out [ above-mentioned ] to 
the above-mentioned helium supply means as the description. 

[Claim 8] The semi-conductor thermal treatment equipment according to claim 7 which connected to the 
above-mentioned helium supply means the gas addition supply means which can carry out addition 
mixing of the gas other than helium. 
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for diluting atmospheric gas or process gas into a furnace, exhausting and 
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the recovery and utilizing the helium again. 

SOLUTION: Helium is supplied into a heat treating device 20 from a supply 
tank 32. At the same time, hydrogen gas is sent out from a hydrogen-gas 
supplying device 34. Then, both gases are mixed in a pipe arrangement 1 1 . 
The gas is filled in a quartz reaction pipe and discharged from a discharging 
pipe. Under this state, a wafer held with a wafer holder is annealed. In the 
annealing, the mixed gas containing impurities discharged from the gas 
discharging pipe of the heat processing device 20 is stored in a recovery 
tank 22 by an exhaust device 21 and introduced into refining device 24 with 
a compressor 23. The mixed gas is refined. The refined recovered helium is 
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